FP01-0206-00 



TITLE OF THE INVENTION 

Raman Amplification Optical Fiber, Optical Fiber Coil, 
Raman Amplifier, and Optical Communication System 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a Raman amplification 
optical fiber which Raman-amplifies signal light including 
a plurality of wavelength components when Raman amplification 
pumping light is supplied thereto, a Raman amplifier 
including the Raman amplification optical fiber, an optical 
fiber coil in which the Raman amplification optical fiber 
is wound in a stacked fashion, and an optical communication 
system including the Raman amplifier. 
Related Background Art 

Raman amplifiers are those containing a Raman 
amplification optical fiber as an optical amplifier medium, 
thus being able to Raman-amplify signal light when Raman 
amplification pumping light is supplied to the Raman 
amplification optical fiber, and utilizes Raman shift which 
is a kind of nonlinear optical phenomenon in the Raman 
amplification optical fiber. From this viewpoint, it is 
desirable for the Raman amplification optical fiber to have 
a high nonlinearity . For example, -the Raman amplifier 
disclosed in Japanese Patent Application Laid-Open No. HE I 
11-84440 utilizes a highly nonlinear optical fiber or 
dispersion-compensating optical fiber as a Raman 
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amplification optical fiber, so as to carry out 
lumped- con st ant optical amplification. 
SUMMARY OF THE INVENTION 

The inventors studied conventional Raman amplifiers 
and, as a result, have found the following problems . Namely, 
when a highly nonlinear optical fiber is utilized as a Raman 
amplification optical fiber, the Raman amplification 
efficiency becomes higher, whereby a large Raman 
amplification gain can be obtained, or a sufficient Raman 
amplification gain can be obtained at a relatively short 
fiber length. However, since the highly nonlinear optical 
fiber has a high nonlinearity at each signal wavelength 
(signal channel) , the waveform of signal light may 
deteriorate under the influence of nonlinear optical 
phenomena such as four-wave mixing. 

When a dispersion-compensating optical fiber is 
utilized as the Raman amplification optical fiber, on the 
other hand, it not only amplifies the signal light but also 
can compensate for the chromatic dispersion of the optical 
fiber transmission line. Also, since the chromatic 
dispersion of the dispersion-compensating optical fiber has 
a large absolute value at each signal wavelength, signal 
waveforms are effectively restrained from deteriorating due 
to the four-wave mixing in the dispersion-compensating 
optical fiber. However, since the chromatic dispersion of 
dispersion-compensating optical fiber has a large absolute 
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value at each signal wavelength, it is necessary that the 
* length of the dispersion-compensating optical fiber be 

controlled strictly according to the length of the optical 
fiber transmission line, whereby the degree of freedom in 
5 the design of optical fiber transmission lines or the design 

of Raman amplifiers is small. 

In order to overcome the above-mentioned problems, it 
tp is an object of the present invention to provide a Raman 

Wt< amplification optical fiber comprising a structure which 

it 

&< 10 can Raman-amplify signal light at a high efficiency and 

|g effectively restrain signal waveforms from deteriorating 

ip due to influences of nonlinear optical phenomena, while 

\l improving the degree of freedom in the design of optical 

fiber transmission lines andRaman amplifiers . It is another 
object of the present invention to provide a Raman amplifier 
including the above-mentioned Raman amplification optical 
fiber, an optical fiber coil in which the Raman amplification 
optical fiber is wound in a stacked fashion, and an optical 
communication system including the Raman amplifier. 

For overcoming the above-mentioned problems, the Raman 
amplification optical fiber according to the present 
invention is an optical device which Raman- amplif ies signal 
light including a plurality of wavelength components when 
Raman amplification pumping light is supplied thereto, and 
constitutes a part of an optical fiber transmission line. 
As characteristics at each wavelength of signal light, the 
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Raman amplification optical fiber has a chromatic dispersion 
i- with an absolute value of 6 ps/nm/km or more but 20 ps/nm/km 

or less, and an effective areaAe ff of 20 urn 2 or less, preferably 
less than 15 urn 2 . More preferably, as a characteristic at 
5 each wavelength of signal light, the Raman amplification 

optical fiber has a Raman gain coefficient G R /A eff of 0.005 
(W-m) _1 or more. 

'¥* By setting the effective area or Raman gain coefficient 

© within its corresponding range mentioned above, the Raman 

f l 10 amplification optical fiber enables the Raman amplification 

W of signal light at a high efficiency. Also, by setting the 

|y 

absolute value of chromatic dispersion as a characteristic 

G 

|M at each wavelength of signal light within the above-mentioned 

o 

4* range, the Raman amplification optical fiber can effectively 

ify 15 restrain signal waveforms from deteriorating due to 

influences of nonlinear optical phenomena, thereby improving 
the degree of freedom in the design of optical fiber 
transmission lines or Raman amplifiers. 

The optical fiber coil according to the present 
20 invention includes the above-mentioned Raman amplification 

optical fiber (the Raman amplification optical fiber 
according to the present invention) wound in a stacked fashion . 
When such an optical fiber coil is employed, a lumped-constant 
Raman amplifier is realized. 
25 The Raman amplifier according to the present invention 

is an optical device which Raman- amplifies signal light 
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including a plurality of wavelength components introduced 
from an input end thereof and outputs thus amplified signal 
light from an output end thereof. The Raman amplifier 
comprises the above-mentioned Raman amplification optical 
5 fiber (the Raman amplifier according to the present 

invention) and a pumping light supplier. In the Raman 
amplifier, the Raman amplification optical fiber is disposed 

y> between the input and output ends, and constitutes a part 

of a transmission line between the input and output ends. 

IT; 10 The pumping light supplier is optically connected to at least 

m 

Ui one end of the Raman amplification optical fiber, andsupplies 

* Raman amplification pumping light to the Raman amplification 

h\ optical fiber. Preferably, in the Raman amplifier, 

«f; cumulative chromatic dispersion from the input end to the 

fLj 15 output end has an absolute value of 100 ps/nm or less at 

each wavelength of signal light. 

Since the above-mentioned Raman amplification optical 
fiber is employed, the Raman amplifier can yield a high Raman 
amplification gain and effectively suppress the 
20 deterioration in signal waveforms . Also, as a consequence, 

the Raman amplifier has a high degree of freedom in design. 
In particular, for suppressing the deterioration in signal 
waveforms, it will be more favorable if the cumulative 
chromatic dispersion of the Raman amplification optical fiber 
25 has an absolute value of 100 ps/nm or less. 

The optical communication system according to the 
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present invention contains the above-mentioned Raman 
amplifier, and transmits signal light including a plurality 
of wavelength components, while the Raman amplifier 
Raman-amplifies the signal light. Preferably, one of the 
5 wavelengths included in the signal light in the optical 

communication system falls within one of C band (1530 nm 
to 1565 nm) , L band (1565 nm to 1625 nm) , and S band (1460 
t*< nmtol530 nm). By employing the Raman amplifier, the optical 

C; communication system makes it possible to transmit signal 

$Ti 10 light over a long distance, effectively suppresses the 

m 

|y deterioration in signal waveforms, and yields a high degree 

i, of freedom in design. 

jj BRIEF DESCRIPTION OF THE DRAWINGS 

J£; Fig. 1A is a view showing a cross-sectional structure 

j[; 15 of a Raman amplification optical fiber according to the 

present invention, whereas Fig. IB is the refractive index 
profile of the Raman amplification optical fiber shown in 
Fig. 1A; 

Fig. 2 is a diagram showing the configuration of a Raman 
20 amplifier according to the present invention; 

Fig . 3A is a view showing the configuration of an optical 
fiber coil according to the present invention, whereas Fig. 
3B is a view showing a cross-sectional form of the optical 
fiber coil taken along the line I-I shown in Fig. 3A; and 
25 Fig. 4 is a diagram showing an optical communication 

system according to the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Examples of the Raman amplification optical fiber, 
optical fiber coil, Raman amplifier, and optical 
communication system according to the present invention will 
5 be explained in detail with reference to Figs. 1A, IB, 2, 

3A, 3B, and 4. In the explanation of the drawings, 
constituents identical to each other will be referred to 
with numerals identical to each other without repeating their 
overlapping descriptions. 

10 Raman Amplification Optical Fiber 

Fig. 1A shows a cross-sectional structure of a Raman 
amplification optical fiber according to the present 
invention. This Raman amplification optical fiber 100 is 
mainly composed of silica glass, and comprises a core region 

15 101 having a predetermined refractive index nl and an outer 

diameter 2a; a first cladding region 102, which is a glass 
region disposed at the outer periphery of the core region 

101, having a refractive index n2 (<nl) and an outer diameter 
2b; and a second cladding region 103, which is a glass region 

20 disposed at the outer periphery of the first cladding region 

102, having a refractive index n3 (< nl, > n2) . The core 
region 101 is doped with Ge0 2 in order to attain a refractive 
index higher than that of pure silica, whereas the first 
cladding region 102 is doped with F element in order to attain 

25 a refractive index lower than that of pure silica. 

The refractive index profile 150 shown in Fig. IB 
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indicates the refractive index at each location on the line 
L in Fig. 1A, so that areas 151, 152, and 153 represent 
respective refractive indices on the line L of the core 101, 
first cladding region 102, and second cladding region 103. 

In this specification, the relative refractive index 
difference A + of the core region 101 and the relative 
refractive index difference A~ of the first cladding region 
102 with reference to the second cladding region 103 are 
given by the following expressions: 

A + = ((nl) 2 -(n3) 2 )f2(n3) 2 
A~ = ((n2) 2 -(n3) 2 )/2(n3) 2 

As indicated above, while the respective refractive 
index differences of the glass layers 101, 102 with respect 
to the second cladding region 103 acting as a reference region 
are expressed in terms of percentage, the order of refractive 
indices in each expression is fixed. Therefore, the 
refractive index of a glass layer whose relative refractive 
index difference takes a negative value means that it is 
lower than the refractive index of the second cladding region 
103. 

As characteristics at each wavelength of signal light, 
the Raman amplification optical fiber 100 has a chromatic 
dispersion with an absolute value of 6 ps/nm/km or more but 
20 ps/nm/km or less, and an effective area A eff of 20 urn 2 or 
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less, preferably less than 15 urn 2 . Preferably, as a 
characteristic at each wavelength of signal light, the Raman 
amplification optical fiber 100 has a Raman gain coefficient 
G R /Aef f of 0 . 005 (W-m) _1 or more. Preferably, the wavelength 
component included in the signal light here falls within 
one of C band, L band, and S band. 

The Raman amplification optical fiber 100 can 
Raman-amplify the signal light at a high efficiency since 
it has the effective area and Raman gain coefficient falling 
within their respective ranges mentioned above. Also, since 
the absolute value of chromatic dispersion at each wavelength 
of signal light falls within its range mentioned above, signal 
waveforms are effectively restrained from deteriorating due 
to influences of nonlinear optical phenomena, whereby the 
degree of freedom improves in the design of optical fiber 
transmission lines and Raman amplifiers. 
Raman Amplifier 

Fig . 2 is a diagram showing the configuration of a Raman 
amplifier according to the present invention. This Raman 
amplifier 10 comprises an optical fiber coil 110 in which 
the Raman amplification optical fiber 100 is wound in a stacked 
fashion, and a pumping light source 12 0 for outputting Raman 
amplification pumping light to be supplied to the optical 
fiber coil 110 . This diagram also illustrates a signal light 
source 130 for outputting the signal light to be fed into 
the Raman amplifier 10, and an optical spectrum analyzer 



FP01-0206-00 



14 0 for measuring the spectrum of signal light outputted 
• from the Raman amplifier 10. 

In the Raman amplifier 10, the Raman amplification 
pumping light outputted from the pumping light source 120 
5 is supplied to the optical fiber coil 110. The signal light 

outputted from the signal light source 130 propagates through 
the optical fiber coil 110, and is Raman-amplified during 
!p the propagation. The Raman-amplified signal light reaches 

Ifff the optical spectrum analyzer 140, and its spectrum is 

S! 10 measured by the optical spectrum analyzer 140. 

.jT= The Raman amplifier 10 is an optical device employing 

j», the Raman amplification optical fiber 100 having the 

g structure mentioned above. Therefore, the Raman amplifier 

g 10 yields a high gain in Raman amplification, effectively 

**' i5 restrains the deterioration in signal waveforms, and has 

a high degree of freedom in design. In particular, for 
suppressing the deterioration in signal waveforms, it will 
be more favorable if the cumulative chromatic dispersion 
of the Raman amplification optical fiber has an absolute 
20 value of 100 ps/nm or less. 

Optical Fiber Coil 

Fig. 3A is a view showing the configuration of the 
optical fiber coil 110 according to the present invention, 
whereas Fig. 3B is a sectional view of the optical fiber 
25 coil 110 taken along the line I-I shown in Fig. 3A. As shown 

in Figs. 3A and 3B, the optical fiber coil 110 is obtained 
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when the Raman amplification optical fiber 100 is wound like 
layers about the barrel of a reel 111. When such an optical 
fiber coil is employed, a lumped-constant Raman amplifier 
is realized. 

A specific example will now be explained. In the 
prepared Raman amplification optical fiber 100, the outer 
diameter 2a of the core region 101 is 3 . 5 urn, the outer diameter 
2b of the first cladding region 102 is 8.8 urn, and the outer 
diameter 2c of the second cladding region 103 is 125 urn. 
With respect to the second cladding region 103, the relative 
refractive index difference A + of the core region 101 and 
the relative refractive index difference A" of the first 
cladding region 102 are 3.35% and-0. 35%, respectively. With 
respect to light having a wavelength of 1550 nm in C band, 
the Raman amplification optical fiber 100 exhibits a 
transmission loss of 0.53 dB/km, an effective area A eff of 
9.4 urn 2 , a chromatic dispersion of -6 ps/nm/km, and a 
dispersion slope of +0.02 ps/nm 2 /km. 

When Raman amplification pumping light having a 
wavelength of 1450 nm is supplied to the optical fiber coil 
110 including such a Raman amplification optical fiber 100, 
its Raman gain coefficient G R /A ef f is 0.0071 (W-m)" 1 . The 
optical fiber coil 110 is constituted by 2.1 km of the Raman 
optical fiber 100 wound about the barrel of the reel 111 
in a stacked fashion. The Raman amplification pumping light 
outputted from the pumping light source 12 0 has a wavelength 



FP01-0206-00 



of 1450 run, whereas its power is 300 raW when fed into the 
optical fiber coil 110. The wavelength of signal light 
outputted from the signal light source 130 is 1550 nm. At 
that time, the Raman amplification gain of the Raman amplifier 
5 10 is 10 dB at a wavelength of 1550 nm. 

In this specific example, the chromatic dispersion of 
the whole Raman amplifier 10 (i.e., the cumulative chromatic 
|«, dispersion in the Raman amplification optical fiber 100) 

iQ is -12.6 ps/nm at a signal light wavelength of 1550 nm, thus 

|ft 10 yielding a small absolute value. Therefore, in an optical 

m 

|_y communication system including the Raman amplifier 10, the 

5, contribution of the Raman amplification optical fiber 100 

to the increase in chromatic dispersion of the whole optical 
Jj fiber transmission line is small, whereby the optical 

|f| 15 communication system has a high degree of freedom in the 

design of chromatic dispersion. Also, the chromatic 
dispersion of the Raman amplification optical fiber 100 is 
-6 ps/nm/km at a signal light wavelength of 1550 nm, thus 
yielding a large absolute value. Therefore, four-wave 
2 0 mixing is restrained from occurring in the Raman 

amplification optical fiber 100, whereby the deterioration 
in signal waveforms is effectively suppressed. 
Optical Communication System 

Fig. 4 is a diagram showing the configuration of an 
25 optical communication system 1 (including the 

above-mentioned optical fiber 100, optical fiber coil 110, 
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and Raman amplifier 10) . This optical communication system 
1 comprises the Raman amplifier 10, a transmitter 20, and 
a receiver 30, whereas an optical fiber transmission line 
40 is laid between the transmitter 20 and the Raman amplifier 
5 10. 

In the optical communication system 1, the transmitter 
20 contains an S-band signal light source 21 for outputting 
signal light including a plurality of wavelength components 
© within S band, a C-band signal light source 22 for outputting 

m 

|fl 10 signal light including a plurality of wavelength components 

m 

It! within C band, an L-band signal light source 23 for outputting 

. 4 signal light including a plurality of wavelength components 

u within L band, and a signal light multiplexer 24 . The signal 

Q 

light multiplexer 24 multiplexes the signal light outputted 
|[j 15 from the S-band signal light source 21, the signal light 

outputted from the C-band signal light source 22, and the 
signal light outputted from the L-band signal light source 
23, and sends thus multiplexed signal light to the optical 
fiber transmission line 40. 
2 0 The Raman amplifier 10 contains an S-band pumping light 

source 121, a C-band pumping light source 122, an L-band 
pumping light source 123, and a pumping light multiplexer 
124. The S-band pumping light source 121 outputs Raman 
amplification pumping light having a wavelength which can 
2 5 Raman-amplify the signal light outputted from the S-band 

signal light source 21. The C-band pumping light source 122 
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outputs Raman amplif icationpumping light having a wavelength 
which can Raman-amplify the signal light outputted from the 
C-band signal light source 22. The L-band pumping light 
source 123 outputs Raman amplification pumping light having 
a wavelength which can Raman-amplify the signal light 
outputted from the L-bandsignal light source 23 . The pumping 
light multiplexer 124 multiplexes the Raman amplification 
pumping light outputted from the S-band pumping light source 
121, the Raman amplification pumping light outputted from 
the C-band pumping light source 122, and the Raman 
amplif icationpumping light outputted from the L-band pumping 
light source 123, and sends thus multiplexed Raman 
amplification pumping light to the optical fiber coil 110. 

The optical fiber coil 110 is constituted by the Raman 
amplification optical fiber 100 wound in a stacked fashion 
(see Figs. 3Aand3B) . The Raman amplif ication optical fiber 
100 comprises the structure shown in Figs. 1A and IB, while 
having, as characteristics at each wavelength of signal light, 
a chromatic dispersion with an absolute value of 6 ps/nm/km 
or more but 20 ps/nm/km or less, and an effective area Ae ff 
of 20 um 2 or less, preferably less than 15 urn 2 . Further, 
as a characteristic at each wavelength of signal light, the 
Raman amplification optical fiber 100 preferably has a Raman 
gain coefficient G R /A eff of 0.005 (W-m) -1 or more. 

In this optical communication system 1, the Raman 
amplif icationpumping light outputted from the S-band pumping 
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light source 121, the Raman amplification pumping light 
outputted from the C-band pumping light source 122, and the 
Raman amplification pumping light outputted from the L-band 
pumping light source 123 are multiplexed by the pumping light 
5 multiplexer 124, and thus multiplexed Raman amplification 

pumping light is supplied to the optical fiber coil 110. 
The signal light outputted from the S-band signal light source 
jM, 21, the signal light outputted from the C-band signal light 

;p source 22, and the signal light outputted from the L-band 

m 

|fi 10 signal light source 23 are multiplexed by the signal light 

m 

!Lj multiplexer 24, and thus multiplexed signal light is sent 

a to the optical fiber transmission line 40. The signal light 

^ sent out from the signal multiplexer 24 propagates through 

% the optical fiber transmission line 40, thereby reaching 

|Tj 15 the Raman amplifier 10. Further, the signal light having 

reached the Raman amplifier 10 is Raman-amplified while 
propagating through the optical fiber coil 110 within the 
Raman amplifier 10. The Raman-amplified signal light 
reaches the receiver 30 and is received thereby. Thus, the 
2 0 optical communication system 1 can perform wavelength 

division multiplexing (WDM) transmission by using each of 
the signal light in S band, signal light in C band, and signal 
light in L band, thereby enabling large-capacity, 
long-distance information transmission. 
25 Since the Raman amplification optical fiber 100 having 

the structure shown in Figs. 1A and IB is employed, the Raman 
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amplifier 10 exhibits a high gain in Raman amplification, 
thereby effectively suppressing the deterioration in signal 
waveforms. Also, since the Raman amplification optical 
fiber 100 is employed, the Raman amplifier 10 has a high 
5 degree of freedom in design. In particular, for suppressing 

the deterioration in signal waveforms, it will be more 
favorable if the cumulative chromatic dispersion of the Raman 
amplification optical fiber 100 has an absolute value of 
J*§ 100 ps/nmor less . Since such a Raman amplifier 10 is employed, 

Iff! 10 the optical communication system 1 enables long-distance 

jg transmission of signal light, effectively suppresses the 

•Lu 

5i deterioration in signal waveforms, and has a high degree 

fy of freedom in design. 

A specific example will now be explained. The Raman 

I[jl5 amplification optical fiber 100 has a structure similar to 

that shown in Figs. 1A and IB, and comprises a core region 
101 having an outside diameter 2a of 3.9 urn, a first cladding 
region 102 having an outside diameter 2b of 9.8 urn, and a 
second cladding region 103 having an outside diameter of 
20 125 urn. With respect to the second cladding region 103, the 

relative refractive index difference A + of the core region 
101 is 3.35%, and the relative refractive index difference 
A~ of the first cladding region 102 is -0.35%. With respect 
to light having a wavelength of 1480 nm within S band, the 
25 Raman amplification optical fiber 1 00 exhibits a transmission 

lossof 0. 65dB/km, an effective area A eff of 8 . 4 urn 2 , achromatic 
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dispersion of -19 . 0 ps/nm/km, and a dispersion slope of +0 . 004 
ps/nm 2 /km. With respect to light having a wavelength of 1550 
nm within C band, the Raman amplification optical fiber 100 
exhibits a transmission loss of 0.55 dB/km, an effective 
area Aeff of 9 . 0 um 2 , a chromatic dispersion of -18 . 7 ps/nm/km, 
and a dispersion slope of +0.004 ps/nm 2 /km. With respect 
to light having a wavelength of 1610 nm within L band, the 
Raman amplification optical fiber 100 exhibits a transmission 
loss of 0 . 52 dB/km, an effective area A eff of 9 . 5 um 2 , achromatic 
dispersion of -18 . 5 ps/nm/km, anda dispersion slope of +0 . 004 
ps/nm 2 /km. 

The chromatic dispersion of the whole Raman amplifier 
10, i.e., the cumulative chromatic dispersion in the Raman 
amplification optical fiber 100, has a small absolute value 
at a signal light wavelength of 1550 nm in this specific 
example as well. Therefore, in an optical communication 
system including the Raman amplifier 10, the contribution 
of the Raman amplification optical fiber 100 to the increase 
in chromatic dispersion of the optical fiber transmission 
line 40 is small, thereby yielding a high degree of freedom 
in the design of chromatic dispersion. Also, the chromatic 
dispersion of the Raman amplification optical fiber 100 has 
a large absolute value at a signal light wavelength of 1550 
nm. As a consequence, four-wave mixing is restrained from 
occurring in the Raman amplification optical fiber 100, 
whereby the deterioration in signal waveforms is effectively 
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suppressed. 

Though Fig. 4 shows the S-band signal light source 21, 
the C-band signal light source 22, and the L-band signal 
light source 23 one by one, each signal light source may 
5 be constituted by a plurality of light sources having output 

wavelengths different from each other. Also, though the 
S-band pumping light source 121, the C-band pumping light 
source 122, and the L-band pumping light source 123 are shown 
:i one by one, each pumping light source may be constituted 

slO by a plurality of light sources having output wavelengths 

different from each other . Aplurality of transmission units 

S 

each having the structure similar to that of the optical 
I fiber transmission line 4 0 and Raman amplifier 10 may be 

provided between the transmitter 20 and the receiver 30. 
j 15 According to the present invention, as explained in 

the foregoing, the absolute value of chromatic dispersion 
and the effective area A eff , preferably with the Raman gain 
coefficient G R /Aeff , are set within appropriate numeric ranges, 
which enables the Raman amplification of signal light at 
20 a high efficiency, whereby the signal waveforms are 

effectively restrained from deteriorating due to influences 
of nonlinear optical phenomena. Also, this improves the 
degree of freedom in the design of optical fiber transmission 
lines and Raman amplifiers. 
25 On the other hand, the optical fiber coil is employed 

while in a state where the above-mentioned Raman 
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amplification optical fiber is wound in a stacked fashion, 
whereby a lumped-constant Raman amplifier can be realized. 

Further, since the above-mentioned Raman 
amplification optical fiber is employed, the Raman amplifier 
attains a high Raman amplification gain. This effectively 
suppresses the deterioration in signal waveforms, and 
improves the degree of freedom in design. In particular, 
for suppressing the deterioration in signal waveforms, it 
will be more favorable if the cumulative chromatic dispersion 
in the Raman amplification optical fiber has an absolute 
value of 100 ps/nm or less. Since the above-mentioned Raman 
amplifier is employed, the optical communication system 
enables large-capacity, long-distant information 
transmission. Also, the optical communication system has 
a high degree of freedom in design, while effectively 
suppressing the deterioration in signal waveforms. 
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